Abstract: The paper describes the preparation and characterization of conductive polyaniline-modified polymers by growing of aniline onto functionalized poly(styrene-co-p-methylstyrene) [P(St-co-MSt)].
Introduction
Polyaniline (PANI) has been the subject of considerable recent interest because of their unique properties such as high electrical conductivity, good environmental stability in doped and neutral states, 1 ease of synthesis and numerous potential applications including rechargeable batteries, [2] [3] [4] energy storage devices, electromagnetic interference shielding, electronic and optical devices, 5, 6 smart windows and light emitting diodes. 7 However polyaniline is inherently brittle and poor in processability due to its insolubility in common organic solvents. Its poor solubility has limited the industrial applications of polyaniline. 8, 9 To improve its processability, various procedures have been adapted. For example, self doped PANI with sulfonic acid groups substituted onto the polymer has been synthesized. Several ring and N-substituted PANI, soluble in common organic solvents, have been prepared directly from polymerization of the corresponding aniline monomers. 10 Another approach toward modified polyaniline is copolymerization of aniline with suitable substituted aniline to produce copolymers. The obtained copolymers have improved in solubility and processability. 11 Among PANI derivatives, sulfonated polyaniline (SPANI) is the most successful candidate for practical applications in electronic devices due to its water solubility, electroactive properties, thermal stability, optical properties, unique self-doping and external doping mechanism. [12] [13] [14] However, strong electronwithdrawing of sulfonic acid's functional groups make conductivity of SPANI much lower than that of PANI. 15 In recent years, "controlled/living" radical polymerization (CRP), have developed rapidly for facile preparation of a variety of polymeric materials with predetermined molecular weight (M n ) and low polydispersity index (PDI), and high degrees of chain-end functionalization. 16 For the first time, the nitroxide mediated radical polymerization (NMRP) was employed to prepare the conductive polyaniline-modified polymers. In synthesis process, P(St-co-MSt) was synthesized via NMRP technique and then the benzylic hydrogen's of P(St-co-MSt) was borminated. Thus borminated copolymer was synthesized using N-bromosuccinimide (NBS) and 2,2′-azobis(isobutyronitrile) (AIBN). Afterwards, 1,4-phenylenediamine was linked to the brominated copolymer by using an effective The crude product was extracted with tetrahydrofuran (THF) for three times, in order to remove pure polyaniline.
Polyaniline is partially soluble in THF. The polymer solution was filtered and precipitated into excess methanol. Afterwards, the product was added into cyclohexane, and refluxed to remove any residual ungrafted P(St-co-MSt). Poly (styrene-co-p-methylstyrene)-g-polyaniline is partially soluble in cyclohexane, while ungrafted P(St-co-MSt) is completely soluble in cyclohexane.
Results and Discussion
The graft copolymer materials prepared from hydrophilic polymers, PSt-g-PANI, could be appropriate for various Figure 2 shows the FTIR spectra of the P(St-co-MSt) and brominated copolymer. ppm are assigned to aromatic protons (Figure 3(a) ). After bromination, the 1 H NMR spectra shows the additional resonance at 4.14∼4.57 ppm that is assigned to -CH 2 Br group in brominated copolymer (Figure 3(b) ).
To calculate the extent of bromination for P(St-co-MSt) of a particular extent of bromination the following method was adopted.
represent the brominated P(St-co-MSt) copolymer. The mol% bromination is given by n/(m+n)×100. The area under the aliphatic region is given by 9 n+5 m and the area under the aromatic region is given by 9 n+9 m. In Figure 3 solving the simultaneous equation with the integrated areas, it can be seen that 9 n+5 m=145.73 and 9 n+9 m=154.1 and therefore n=2 and m=15.11. Therefore the extent of bromination is 2/17.11×100=11.68%.
Preparation of P(St-co-MSt)-g-PANI. Two kinds of cation radicals initiate PANI polymerization after addition of APS.
One is oxidized phenylamine groups grafted to the brominated P(St-co-PMSt), the other is oxidized aniline cation radicals. Wavenumber(cm As reaction time increasing, more aniline monomers join in the polymerization. Some are entrapped into the polymer chains initiated by oxidized phenylamine groups; others incorporate the polymer chains initiated by oxidized aniline cation radicals. This polymer chains could not be linked chemically to the P(St-co-PMSt). 26 To remove the ungrafted PANI chains, the crude product was purified as given in the experimental section. Wavenumber(cm 폴리머, 제34권 제6호, 2010년
common organic solvents are shown in Table 1 . Figure 5 shows the cyclic voltammograms of neat PANI, P(St-co-MSt) and P(St-co-MSt)-g-PANI. The polymer films were prepared on glass carbon (GC) electrode by casting.
The cyclic voltammetry curves of samples were recorded at different scan rates. In Figure 5 (a), the peak at 0.27 V in the anodic direction, which corresponds to the leucoemeraldine to emeraldine transition, is shifted to higher potential. For the P(St-co-MSt) no peaks are observed. 
